DEVELOPMENT of an aneurysm at the site of a previous myocardial infarct can seriously impair the function of an already compromised left ventricle. With current surgical techniques many of these aneurysms can be successfully resected so that the detection of an aneurysm no longer is simply an academic exercise. The presence of an aneurysm can often be suspected from the clinical and electrocardiographic data but the diagnosis cannot be established with certainty unless a localized dilatation of the ventricular wall is demonstrated. Plain films of the chest and fluoroscopy of the heart will reveal characteristic changes, in some cases, but angiocardiography is the definitive procedure, not only for detecting the aneurysm but also for evaluating the feasibility of surgical treatment. ' A ventricular aneurysm has been defined by Edwards2 as "a protrusion of a localized portion of the external aspect of the left ventricle beyond the remainder of the cardiac surface with simultaneous protrusion of the 762 cavity as well." These criteria are applicable to pathologic specimens but cannot always be met in a preoperative study because the external surface of the ventricle cannot be completely visualized. The lumen of the ventricle, however, can be completely delineated by angiocardiography. In addition, in some instances, the scarred portion of the ventricular wall conforms to the contour of the heart during diastole and protrudes only in systole, when the rest of the ventricle contracts ( fig. 1 ). Therefore, from a practical diagnostic standpoint, an aneurysm is best considered to be an abnormal, localized bulging of the ventricular cavity that is present at least during systole.
Plain Film Findings
If an aneurysm produces an appreciable bulge on the contour of the heart, it can often be detected on plain films of the chest. When the aneurysm is large it is usually visible in more than one projection. An aneurysm of the anterolateral wall of the ventricle will protrude from the left border of the heart in the frontal ( fig. 2 ) and right anterior oblique views and extend anteriorly in the lateral projection, sometimes reaching the sternum. Ventricular aneurysm. Selective left ventricular angiocardiogram, right anterior oblique projection. A cine frame, exposed during systole, shows a large aneurysm (A) involving the posterior portion of the diaphragmatic surface of the ventricle. The aneurysm conformed to the shape of the ventricular cavity in diastole and could not be identified until the remainder of the ventricle contracted.
In the left anterior oblique projection, such an aneurysm may be obscured by the overlapping shadows of the other cardiac chambers. However, this view is of particular value in studying the posterolateral aspect of the left ventricle, which is seen in profile.
Small aneurysms of the posterior, anterior, or lateral walls of the left ventricle may not be detectable on plain films because they do not significantly alter the contour of the cardiac silhouette. Others in the same locations may still not be identified even though they are fairly large because of concomitant dilatation of the remainder of the ventricle. As this chamber enlarges, the localized bulge produced by the aneurysm blends in with the accentuated curve of the cardiac contour so that it becomes indistinguishable ( fig. 2 ).
The differential diagnosis of a bulge along the left cardiac contour such as produced by a left ventricular aneurysm is rather limited. A dilated left atrial appendage projects somewhat higher on the left heart border than does an aneurysm, and other roentgenographic signs of left atrial enlargement are usually present. A pericardial cyst can mimic the appearance of an aneurysm but is relatively Circulation, Volume XLIII, May 1971 uncommon on the left side of the heart and often changes its shape with respiration or with a shift in the patient's position. A tumor of the left ventricle, such as a rhabdomyosarcoma, cannot be differentiated from an aneurysm on plain films, but is so rare that for practical purposes it need not be considered.
A pedunculated dermoid cyst or thymoma, or a carcinoma of the lingular segment of the left upper lobe may present as a mass, inseparable from the left cardiac border. Angiography or isotope studies of the cardiac blood pool may be required to prove that the shadow is not vascular in origin. All of these lesions can be adequately excluded if no abnormality was detected on a chest film made within a year or so prior to the infarction.
Aneurysms of the cardiac apex that extend downward or those arising from the diaphragmatic surface of the heart are usually obscured by the shadows of the diaphragm and abdominal organs. Occasionally, such an aneurysm will evert the diaphragm and present as a soft tissue mass protruding into the gastric air bubble ( fig. 3 ). An almost identical appearance can be produced by a hiatus hernia or a tumor of the stomach. These can be distinguished by barium studies.
Calcification of the wall of a ventricular aneurysm usually appears as one or more curvilinear lines paralleling the contour of the aneurysm. The calcification tends to involve the inner wall of the aneurysm and is projected a few millimeters within the outer margin of the cardiac silhouette in all views.
Pericardial calcification, which can produce a similar appearance, can be demonstrated to reach the surface of the heart in at least one projection. The presence of calcification of the wall of the ventricle is not, in itself, diagnostic of an aneurysm. A healed, uncomplicated myocardial infarct can also calcify and, when it involves the region of the cardiac apex, the calclfication will have a curvilinear configuration similar to that of an aneurysm.
Fluoroscopy
Fluoroscopic examination of the heart is generally felt to be an integral part of the BARON diagnostic study of a ventricular aneurysm, although its value is often exaggerated. An image intensifier is a prerequisite for this type of examination, preferably one that is equipped with TV tape or a cine camera so that a permanent record of the study can be made. If at all possible, the patient should be examined in the erect position so that the diaphragm can descend maximally and uncover the apical region of the heart, and any air in the stomach will rise into the fundus.
Small protrusions from the cardiac contour, which may not be visible on the standard projections of the cardiac series, often can be detected by fluoroscopy. If the patient is rotated slowly under fluoroscopic observation, the heart is viewed in almost every degree of obliquity, and even a minimal bulge will become border-forming and be seen in profile.
Since the diaphragmatic surface of the heart can be visualized only indirectly through the gastric bubble, it is important that the stomach be well distended with air at the time of fluoroscopy. This can be conveniently accomplished by having the patient drink a carbonated beverage just before the study. However, if he drinks from a glass, a relatively small amount of air will be ingested. Significantly greater distention of the stomach results when the patient drinks the beverage rapidly through a straw, especially if a small hole has been punched in it so that air is sucked in along with the fluid.
Traditionally, the presence of paradoxical pulsation of a segment of the ventricular wall has been considered to be the sine qua non for the diagnosis of a ventricular aneurysm. This is not valid. Some aneurysms will demonstrate this type of motion, expanding with systole and appearing to shrink during diastole, but a significant number will show no pulsation at all. Others may even be drawn inward as the remainder of the ventricle contracts. In this circumstance, it may be very difficult to detect any abnormality at all in the mode of contraction of the ventricle.
Even if paradoxical pulsations are noted, they do not necessarily indicate the presence of an aneurysm. Some degree of systolic expansion can often be seen in an area of fresh infarct,4 although many of these will not result in an aneurysm when they are healed. Paradoxical pulsations can also be seen at times in the normal heart. If a patient is fluoroscoped in the lateral projection, a segment of the posterior wall of the left ventricle may be seen to move paradoxically, during a deep inspiration.5 The outward thrust of this segment of the ventricular wall is transient and occurs only in early systole before it begins to contract normally. Presumably this occurs because the entire ventricle does not contract as a unit, the posterior wall being activated somewhat after the apex and the interventricular septum.
Circulation, Volume XLIII. May 1971 Not uncommonly, the clinician requests cardiac fluoroscopy of the postinfarction patient in order to "rule out ventricular aneurysm." This is not possible. Fluoroscopy is a gross screening procedure that can confirm the presence of an aneurysm in some cases. However, failure to demonstrate an aneurysm by fluoroscopy has little, if any, significance.
Aneurysms of the interventricular septum are not border-forming in any view and cannot be visualized, and diaphragmatic aneurysms are often missed, and even large aneurysms of the apex and lateral wall may go undetected because they blend in with the contour of a dilated heart. Observations of the mode of contraction of the ventricle do not help much in these cases for, as the ventricle dilates, its contractility usually diminishes, and it is very difficult to differentiate the abnormal pulsations of an aneurysm from those of the remainder of the ventricle. In addition, pericardial adhesions, often present over an There is marked thinning (arrow) of the ventricular wall over the aneurysm. The patient also had a perforation of the interventricular septum secondary to the infarction. A sizable leftto-right shunt results in opacification of the right ventricle (RV) and the pulmonary artery (PA). area of transmural infarction, can distort the cardiac silhouette and further obscure any localized weakness of the ventricular wall.
Angiocardiography
Once the blood in the left ventricle is opacified, the endocardial surface of the cavity becomes completely outlined and even small irregularities in its contour can be appreciated.
For this reason, angiocardiography is the most accurate method for detecting a ventricular aneurysm. Furthermore, the angiocardiogram provides information as to the size and location of the lesion, the function of the remainder of the ventricle, and the presence of associated abnormalities such as mitral insufficiency or perforation of the ventricular septum.
An aneurysm appears on the angiocardiogram as a localized outpouching of the contrast-filled left ventricular cavity. Aneurysms developing secondary to myocardial infarction usually have a wide mouth and communicate freely with the rest of the ventricle. Therefore, as the ventricle becomes filled with contrast material, the aneurysm is also opacified. This is in contradistinction to a false aneurysm resulting from walling off of a Circulasion, Volume XLUIJ, May 1971 ventricular perforation, in which the communication between the aneurysm and ventricle is usually quite small. In many cases, an aneurysm is seen as a persistent, round or oval collection of contrast material, throughout systole and diastole ( fig.  4 ). In other instances, the contour of the dilated ventricle appears intact in diastole, and the aneurysm protrudes only when the functioning ventricular wall contracts away from it in systole ( fig. 1) .
The endocardial surface of an aneurysm is generally smooth and shows no evidence of trabeculation. If a mural thrombus is present, the inner contour of the aneurysmal sac may be irregular and undulating. The wall of a postinfarction aneurysm is thinner than the surrounding myocardium. Often it is so Circulanion, Volume XLIII, May 1971 attenuated that, when viewed in profile, the opacified cavity of the aneurysm may extend almost to the outer border of the heart (fig.  4 ). If the wall of the aneurysm is thick or if its cavity does not become evenly opacified, a mural thrombus is most likely present ( fig.  5) .
A congenital diverticulum of the left ventricle can produce an angiographic appearance similar to that of an aneurysm. However, these lesions are rare and are usually detected in childhood. They almost always involve the apex of the heart and tend to be smaller than most aneurysms. A localized, bulbous dilatation of the ventricular apex can be seen in some cases of hypertrophic subaortic stenosis. This appears in the latter part of systole when the obstruction to ventricular emptying is A Figure Venztricualr anleurysm, selectivse left v;entricular angiocardiogJram, right anterior obliqBue view.
(A) A cinle frame exposed during diasltole reveals a minimal bulg,e along the diaphraglmatic border of the ventricle. (B) Durinlg stystole, the rest of the venztricle contracts and anleurysm becomes qBuite evi^dent. maximal, and is probably related to the elevated pressure within the apex of the ventricle. The ventricular wall in the area may be less prominent than the rest of the hypertrophied myocardium, but it is nevertheless considerably thicker than the wall of a postinfaretion aneurysm.
Occasionally, a paradoxical bulge can be seen in a normal left ventricle. On casual inspection, this may be misinterpreted as a ventricular aneurysm, especially if the patient is thought to have coronary artery disease. The outpouching is almost always related to a run of ventricular extrasystoles that sometimes accompanies a pressure injection of contrast material. The bulging is transient and occurs only in early systole. Once normal sinus rhythm is restored, the paradoxical motion of the ventricular wall ceases. The outpouching that results from the disordered ventricular contraction differs in appearance from a true aneurysm because its inner wall has a serrated contour indicative of muscular trabeculae ( fig.  6) .
A satisfactory angiocardiogram can be obtained, and almost all aneurysms demonstrated, either by use of a rapid film changer or by cine. However, since we are interested in the function of the ventricle as well as the anatomic delineation of the aneurysm, cine recording is preferred. A complete examination of the ventricular cavity requires that it be visualized in at least two separate projections, at right angles to each other. In general, the olibque views are the most useful. The diaphragmatic surface of the ventricle is well seen in the right anterior oblique projection ( fig. 7) , which also is the optimal view for detection of mitral insufficiency. The posterior wall of the ventricle and the interventricular septum are thrown into profile in the left oblique.
Because of the danger of dislodging thrombus from an aneurysm and because of the hypothetical risk of a high-pressure injection into a weakened ventricle, there has been some reluctance to perform selective left ventricular angiocardiography in these cases. A venous injection will suffice to demonstrate an aneurysm when there is a reasonable cardiac output and the contrast material reaches the left ventricle as a bolus. 6 This technique provides little more information than simply identifying the aneurysm. Injection of contrast material into the pulmonary artery or left atrium (via a transseptal catheter) will provide better opacification of the ventricle but requires, at least, a right heart catheterization.
Generally, evaluation of left ventricular contraction and search for an aneurysm forms part of a coronary artery study. If an aneurysm is known to be present and surgery is contemplated, the coronary arteries should also be studied. Both can be conveniently ac-Circulation, Volume XLIII, May 1971 complished by arterial catheterization.2 When the catheter is first advanced into the left ventricle, a preliminary, hand injection of contrast material will often be sufficient to disclose an aneurysm, if one is present. With this information, the catheter can then be positioned in the free ventricular cavity, away from the aneurysm, and a pressure injection made for better visualization. The force of the injected stream of contrast material will be largely dissipated before reaching the wall of the aneurysm. The risk of rupture of an aneurysm is negligible. The force of the injection does cause considerable churning of the blood within the ventricle but the danger of dislodging a thrombus does not seem to be significantly greater than that associated with the normal contractions of the heart.
One precaution that can be taken is to avoid using excessive pressure to inject the contrast material. This can be done if an image intensifier with a television camera is used so that the study can be continuously monitored while the contrast material is being injected. In addition, it is necessary to have an injector which allows the pressure to be varied during the injection. The rate of injection is initially set at zero and gradually advanced until adequate opacification of the ventricle is obtained. Any further increase in pressure will serve no useful purpose.
